T o GAIN a clearer understanding of the physiological mechanisms involved in cochlear function, detailed information was desired about the d.c. potential in the Scala media and the effective resistance and critical length of the partition between the endolymphatic and perilymphatic spaces. The d.c. potential in the saccular and utricular portion of the inner ear is nearly nonexistent (2, ,?>, whereas in Scala media it is 80 mv or more. If it be assumed that the ductus reuniens, connecting the vestibular apparatus with the cochlear duct, is open, its critical length must be such as to allow sufficient leakage of current to account for the difference. Knowledge of the critical length of the cochlear duct might also Received 
METHODS

Material.
One hundred and fifty guinea pigs were used in this study. The animals were anesthetized with Dial with urethane (diallylbarbituric acid, monoethyl urea and urethane), 0.5 cc/kg body weight, and were fixed to a heavy table with a strong head holder. The trachea of the animal was cannulated.
The cochlea was exposed through the tympanic bulla. Small holes were drilled through the bony wall of the cochlea at various turns for insertion of microelectrodes.
Measurement
of the d.c. Potential.
A fine glass pipette filled with 0.9% KC1 solution was used to measure the d.c. potential in the Scala media. The tip diameter of the glass pipette electrodes used for this purpose was approximately 3 p. The reference electrode was made of a long silver wire covered with moist gauze and placed on the surface of the neck muscle. The discontinuous rise in potential which could be observed on penetration of the microelectrodes through the spiral ligament was taken as the measure of the d.c. potential. Precaution was taken to introduce the microelectrode into the endolymphatic space nearly perpendicular to the exposed surface of the spiral ligament. This appeared to be essential to minimize injury to the stria vascularis during penetration.
Measurement of Effective Resistance Across Wall of Endolymphatic
Space. The principle of measuring the effective electrical resistance across the cellular wall within which the endolymph is enclosed is illustrated in figure I. Measurements were made at four points along the cochlea, namely, at the round window and in the basal, second and third turns. Two glass pipette electrodes, approximately 3 p in diameter at the tip and filled with 0.9% KC1 solution, were introduced into Scala media with a pair of micromanipulators (Model MPV, Brinkman Co., Great Neck, N. Y.). Another pair of glass pipette electrodes, approximately 60 p at the tip and filled with 0.9% KC1 agar-gel, were inserted into Scala tympani near the point of insertion of the other two electrodes. These larger electrodes in Scala t,ympani were fixed to the edge of the tympanic bulla by means of dental cement.
Rectangular current pulses, 500 msec. in duration, obtained from a square pulse generator were applied to the cochlea through one of the electrodes in Scala media and one in Scala tympani. in series with the electrodes. The potential difference across the partition between the two scalae caused by the current pulse was measured by connecting the other two electrodes to a pair of cathode followers. The time course of the applied current was recorded simultaneously by recording the potential drop across the variable resistance. From the potential drop across R, the current sent into the cochlea was measured. When the resistance measurement was made at the round window, the two large electrodes in Scala tympani were replaced generally with a large loop of platinum wire placed on the outer surface of the round window.
Measurement of Spread of Electrical
Current in the Cochlea. The method used for measuring the extent of spread of electric current within the cochlea was very similar to that used for measuring the resistance of the wall of the endolymphatic space. The arrangement illustrated in figure I was used for this purpose.
A pulse of constant current was sent into the cochlea at one point, through one electrode in Scala media and the other in Scala tympani, and the potential variation caused by the pulse was recorded at different places along the cochlea. The electrodes for recording the potential variation were, as in the resistance measurement, in Scala media and in Scala tympani.
Electra-Acoustic Equipment.
A pure tone of sufficient intensity to decrease the d.c. potential was produced by a Hewlet Packard oscillator (model 200-c) connected to McIntosh 6o-watt audio amplifier. The latter was used to drive a University speaker (model 3 5) A I-foot long hard rubber tube connected the speaker to a speculum fixed in the auditory canal with a purse-string suture. RESULTS 
AND DISCUSSION
Effect of Partial Destruction of the Cochlea Upon Cochlear Potentials.
We found the d.c. potential in Scala media to be as high as 120 mv at the round window, I mv at the first turn, 90-100 mv at the second turn and 80 mv at the third turn. None was found at the fourth and half turn.
That d.c. potential was determined somewhat higher than usually reported (12) may have been the result of minimizing injury to tissue by using smaller electrodes with very careful placement. Even slight injury to the stria vascularis was found to reduce it greatly. Whether or not its decrease from the round window to the fourth turn was due to greater injury of the stria vascularis in the upper turns is impossible to say from these experi- In ments. Should it be real, it is intriguing to speculate that because of lower resistance of the wall of the endolymphatic space in the upper turns, the source of the potential may be unable to produce or maintain as high a potential difference. This gradation might also be responsible for the difference in potential between the perilymph at the apex and that near the round window found by von Bekesy (13) . We examined the effect of partial destruction of the cochlea upon the d.c. and microphonic potentials in the following ways. Using a microelectrode inserted through the round window into Scala media at the basal turn, the d.c. potential and the microphonic response were recorded simultaneously with a dual-beam oscilloscope. While these potentials were being observed continuously, the upper portion of the cochlea was destroyed with a sharp dental drill. Precaution was taken to avoid any movement of the microelectrode or the head of the animal during this operation.
An example of the results obtained is illustrated in figure 2. The sinusoidal waves in the left part of the figure are the microphonic responses observed when the cochlea was intact; the d.c. potential is indicated by the horizontal line. It is seen that successive destruction of the fourth, the third and the second turns of the cochlea did not alter the cochlear potentials to any appreciable extent immediately after making the lesion. Destruction of the part of the cochlea above the second turn resulted in a It follows from the observation just mentioned that both the d.c. and microphonic potentials recorded by the microelectrode in Scala media at the basal turn are generated within the basal turn and also that the removal of the upper turns does not alter the electrical and acoustical properties of the basal turn. This is in agreement with von Bekesy's (14) findings that the basilar membrane is not under tension.
Electrical Resistance Between Scalae Media and Tympani.
To obtain more quantitative information as to the extent of current spread within the cochlea, the electrical resistance between Scala media and Scala tympani was measured directly. It is evident from the anatomical structure of the cochlea that the system consisting of the membranous tube enclosing the endolymph and the two scalae filled with the perilymph should have properties of a core-conductor (3, IS). If a difference in potential is generated by an applied current pulse between Scala media and Scala tympani, the potential variation caused by the pulse would be expected to spread along the wall of Scala media. The perilymph in Scala vestibuli is connected by the tissue fluid in the spiral ligament with the perilymph in Scala tympani. Under all the conditions examined, the potential difference between Scala vestibuli and Scala tympani was far smaller than that between Scala media and Scala tympani.
The method of measuring the effective resistance of the endolymphatic space as previously outlined was to apply a known current between Scala media and Scala tympani at one point and to measure the potential variation between the two scalae caused by the current at the same point. From a consideration of the core-conductor property of this system, it can be shown that the effective resistance R determined by this method is given by the equation,
where rm is the longitudinal resistance of the fluid in the Scala media per unit length and A, the decay or space constant, which is the measure of the spread of electricity along the wall of the endolymphatic space. This decay constant is related to the physical constants of the cochlea by the equation, where vu, is the longitudinal resistance of the wall of the endolymphatic space of a unit length and re the longitudinal resistance of the perilymphatic space of a unit length. Since the ion concentrations of endolymph and perilymph are known (I I), their specific resistances were calculated according to ion conductivity values given by Taylor (2 I). rm and ye were calculated by dividing the specific resistances by the cross sectional area of Scala media and the sum of the areas of scalae tympani and vestibuli, respectively. The values of ye and rm as calculated in this manner are given in the first two columns of table I. The effective resistances, determined as the ratio of the observed potential variation to the current sent into the scala media at four different points along the cochlea, also are given in the table. It is seen that there is a systematic fall in effective resistance as the measuring electrodes approach the apex. Varying the stimulating voltage between 45 and 450 v. did not alter the resistance. Reversing the polarity of the stimulating pulse did not affect appreciably the amount of current through the partition (fig-3) .
The decay constant, determined from the measured value of the effective resistance and the calculated value of rm is given in the next column in the table. It is seen that there is a clear tendency for the decay constant to decrease with increasing distance from the round window. It is approximately I mm in the basal turn and far smaller in the upper turns. This result agrees well with those obtained from measurements of spread of microphonic responses in the cochlea (2 2). The small decay constant also explains the effect of partial destruction of the cochlea upon the d.c. potential. Since the distance between. the points examined in the basal and second turns was about 7 mm, the effect of destruction of the second turn should not affect the d.c. potential recorded in the basal turn.
Spread of Electrical
Current in the Cochlea.
The measurement of the spread of electricity within the cochlea was consistent with the conclusion drawn from the experiment mentioned above. When a current pulse was introduced in the basal turn and the recording electrodes were inserted in the second turn, no potential difference could be detected. When a current pulse was recording Both the d.c. potential and the effective resistance of the partition between the endolymphatic and perilymphatic spaces decreased in response to an intense sound stimulus (c.f. fig. 4A and B). The fall in resistance occurred slightly before or simultaneously with the drop in potential. When d.c. potential failed to recover, resistance still did, though incompletely. Anoxia affected d.c. potential more markedly and slightly before resistance. Both dropped (c.f. fig. 5 ). They appeared to recover nearly at the same time.
The drop in effective resistance of the partition with loud sound and anoxia is consistent with an increased permeability of the structures about the organ of Corti as hypothesized in the introductory remarks. Membranous vibration or local anoxia due to increased activity of the neuronal receptors, with or without accompanying vasoconstriction, may be responsible. That anoxia and loud sound act by different mechanisms is suggested by their differences in effect on the potential and resistance. Experiments on changes of endolymphatic oxygen tension with anoxia and loud sound support this view (19) . Truant (23) studied ionic passage through a well aerated frog skin and found that permeability to potassium and sodium ions increased markedly when the skin was vibrated. Further studies are planned to determine exactly which role in the physiological mechanism of hearing, particularly reversible deafness (IS, 20, 24, 25) , these ions play.
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